Octaketide-producing type III polyketide synthase from Hypericum perforatum is expressed in dark glands accumulating hypericins.
Hypericins are biologically active constituents of Hypericum perforatum (St John's wort). It is likely that emodin anthrone, an anthraquinone precursor of hypericins, is biosynthesized via the polyketide pathway by type III polyketide synthase (PKS). A PKS from H. perforatum, HpPKS2, was investigated for its possible involvement in the biosynthesis of hypericins. Phylogenetic tree analysis revealed that HpPKS2 groups with functionally divergent non-chalcone-producing plant-specific type III PKSs, but it is not particularly closely related to any of the currently known type III PKSs. A recombinant HpPKS2 expressed in Escherichia coli resulted in an enzyme of approximately 43 kDa. The purified enzyme catalysed the condensation of acetyl-CoA with two to seven malonyl-CoA to yield tri- to octaketide products, including octaketides SEK4 and SEK4b, as well as heptaketide aloesone. Although HpPKS2 was found to have octaketide synthase activity, production of emodin anthrone, a supposed octaketide precursor of hypericins, was not detected. The enzyme also accepted isobutyryl-CoA, benzoyl-CoA and hexanoyl-CoA as starter substrates producing a variety of tri- to heptaketide products. In situ RNA hybridization localized the HpPKS2 transcripts in H. perforatum leaf margins, flower petals and stamens, specifically in multicellular dark glands accumulating hypericins. Based on our results, HpPKS2 may have a role in the biosynthesis of hypericins in H. perforatum but some additional factors are possibly required for the production of emodin anthrone in vivo.